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論 文 内 容 要 旨          
This thesis described research efforts on the development of a new aeroramp injector applied to a dual mode scramjet 
engine. The new aeroramp injector was proposed as replacing the cantilever ramp injector and the hypermixer injector, as such 
mixing enhancing injectors had a problem that the wedge shape of these injectors could not be maintained in a high enthalpy 
flow due to occurrence of hot spots. 
In Chapter 1, the background and motivations of the present research, the past researches related to the present topics, 
and the problem and the objective of this work are shown. 
In Chapter 2, experiments were performed to assess the performance of the proposed aeroramp injector in 
comparison to those of the hypermixer injector. Combustion experiments and mixing experiments in non-reactive flow were 
conducted. In the combustion experiments, wall pressure distributions and direct photographs of flame were obtained. In the 
mixing experiments, visualization of flow field by schlieren method was carried out. Also, gas sampling and aerodynamic 
probing were conducted to obtain mixing efficiencies, pressure loss parameters, and fuel profiles within the duct cross-section. 
From the results of experiments, the new aeroramp injector could not only avoid the loss of mixing performance resulting from 
collapse of the injector shape by forming a hot spot, but also could obtain better fuel/air mixing and combustion performances 
than the hypermixer injector in the wider total equivalence ratio without the additional total pressure losses. 
In Chapter 3, the design parameters on the aeroramp injector proposed in the present study, were optimized in term of 
the combustor performances. Especially, the effects of the orifice design and ramp height on the combustor performance were 
focused on. Additionally, comparison between conventional injectors and the aeroramp injectors was done to assess the 
performance of the proposed aeroramp design. In this chapter, combustion experiments were carried out using injectors with 
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seven different geometries. Wall pressure distributions in the combustor with each injector were obtained. The thrust coefficient 
increment was calculated, and by the one-dimensional analysis together, Isp was evaluated considering thrust generated by 
imaginary nozzle installed downstream of the combustor to access the effects of total pressure loss on the thrust production. In 
the comparison between the conventional injectors and the aeroramp injectors, the conventional perpendicular injector, the 
conventional swept-back injector, and the new aeroramp injector were used. Taking the contribution of the fuel jet momentum 
into account, the new aeroramp injector showed best performance. Evaluating the effects of the injection design on the nozzle 
thrust, the new aeroramp injector also showed best thrust production through the equivalence ratio range in the present study. 
Total pressure loss due to the installation of the ramp and associated shock wave generation was cancelled out by thrust 
production on the expansion ramp and higher combustion efficiency due to this injector configuration. In the optimization of 
the ramp height, the performance of injectors with three different ramp heights with the same orifice shape was compared. The 
results of the thrust increment by the combustor section showed that the small ramp could not have sizable effects on the thrust 
performance and large ramp resulted in a larger thrust increment during the combustion mode transition because pressure 
unbalance on the compression and expansion ramp surfaces acted favorable for thrust production. However, the installation of 
the large ramp had sizable effects on the thrust production of engines through the associated total pressure loss. During 
subsonic combustion mode, on the other hand, nozzle thrust with larger ramp was close to those in the cases with small and/or 
no ramps. With penetration of the shock train over the ramp, shock wave generation due to the airflow-ramp interaction was no 
longer sizable, and total pressure loss due to the ramp installation was mitigated. Between the injectors with small and no 
ramps, installation of the small ramp had little effects on total pressure loss and the consequent thrust production through 
expansion. In the optimization of the orifice alignments, firstly, the performances of a swept-back injector with the small ramp 
and the 4 holes aeroramp with the small ramp were compared. The swept-back injector with small ramp showed better thrust 
increment than the 4 holes aeroramp injector with the small ramp. A small number of holes was advantageous at low fuel/air 
dynamic pressure ratio because the fuel jet with large geometric shape will pass through the boundary layer and penetrate into 
the mainstream. The larger z direction velocity resulted in a generation of more intensive streamwise vortices in case with the 
swept-back injector with the small ramp. The variation of combustor net thrust in terms of Isp against fuel equivalence ratio 
were compared, and the swept-back injector with the small ramp showed slightly better performance than the 4 holes aeroramp 
injector with the small ramp, in whole equivalence ratio range. From the thrust performance in both the combustor and the 
imaginary nozzle, at low equivalence region, the 4 holes aeroramp injector with the small ramp showed higher Isp than the 
swept-back injector with small ramp. In the swept-back with small ramp, instead of improving fuel penetration at such a low 
fuel equivalence ratio, the fuel jet was directly exposed to supersonic flow of mainstream. Therefore, the total pressure loss 
increases more than the 4hole with small ramp. As a result, at low equivalence region, the 4hole with small ramp showed 
? 53 ?
higher nozzle Isp than the swept-back with small ramp. Additionally, higher combustor Isp of the swept-back injector with 
small ramp led to larger total pressure loss by intensive combustion. Difference in the nozzle Isp between the 4 holes aeroramp 
injector with small ramp and the swept-back injector with small ramp became small with higher equivalence ratio. Next, the 
performances of the modified 3 holes aeroramp injector with the large ramp and the 4 holes aeroramp with the large ramp were 
compared. The 4 holes aeroramp injector with the large ramp showed slightly better combustor thrust increment than the 
modified 3 holes aeroramp injector with the large ramp at around = 0.2. The modified 3 holes aeroramp injector with the 
large ramp showed lower nozzle Isp than the 4 holes aeroramp with large ramp injector throughout the fuel equivalence ratio in 
the present study. 
In Chapter 4, focusing on the aligned compression - expansion short ramps characterizing the shape of the proposed 
aeroramp injector, moving of the separation point of the boundary layer in the combustor was visualized by schlieren method 
and time-variation of wall pressure depending on the movement of the separation point was obtained. From these results, the 
critical pressure-ratio of the boundary layer separation nearby those ramps was calculated. Values of the critical pressure-ratio 
obtained from experiments were compared with traditional three prediction equations (Mager's and Schumucker's, and 
Lawrence's equation) and applicability of these formulas was investigated. In the condition of 30 mm duct width, comparison 
between the experimental results and predictions showed that the Mager's equation and Schumucker's one could predict 
experimental values within the error bar range. Lawrence's equation under-estimated the value in almost all range of the local 
Mach numbers above the duct wall. Experimental data deviation between the prediction by Mager's equation and the 
experimental data was within 19%. Additionally, effects of the duct width and gas injection on the critical pressure-ratio were 
investigated. The duct width showed little effects on the critical pressure-ratio when reduced from 30 mm to 22 mm. Further 
reduction from 22 mm to 15 mm in the duct width caused little effects on the critical pressure-ratio on the compression ramp, 
but it resulted in an increased ratio on the expansion ramp. The gas injection from expansion ramp surface suppressed the 
boundary layer separation on the expansion ramp, as the injection induced streamwise vortices for intensive momentum 
exchange between the mainstream and the boundary layer flow. A higher injection pressure resulted in a higher critical 
pressure-ratio, as the streamwise vortices generation was enhanced with the higher injection pressure. In comparison to the 
combustion test results, the critical pressure for separation to move from the downstream to the expansion ramp, the critical 
pressure for separation to be anchored on the trailing edge of compression ramp, and the critical pressure for the shock train to 
penetrate the compression ramp, were predicted by Mager’s equation. 
Chapter 5 is the conclusions. The major results obtained in this study are summarized. 
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